 14 
15
Abstract 16
The western Iberian margin has been one of the key locations to study abrupt glacial climate 17 change and associated interhemispheric linkages. The regional variability in the response to those 18 events is being studied by combining a multitude of published and new records. Looking at the 19 trend from Marine Isotope Stage (MIS) 10 to 2, the planktic foraminifer data, conform with the 20 alkenone record of Martrat et al. [2007] , shows that abrupt climate change events, especially the 21
Heinrich events, became more frequent and their impacts in general stronger during the last 22 glacial cycle. However, there were two older periods with strong impacts on the Atlantic 23 meridional overturning circulation (AMOC): the Heinrich-type event associated with 24 Termination (T) IV and the one occurring during MIS 8 (269 to 265 ka). During the Heinrich 25 stadials of the last glacial cycle, the polar front reached the northern Iberian margin (ca. 41°N), 26 while the arctic front was located in the vicinity of 39°N. During all the glacial periods studied, 27 there existed a boundary at the latter latitude, either the arctic front during extreme cold events or 28 the subarctic front during less strong coolings or warmer glacials. Along with these fronts sea 29 surface temperatures (SST) increased southward by about 1°C per one degree of latitude leading 30 to steep temperature gradients in the eastern North Atlantic and pointing to a close vicinity 31 between subpolar and subtropical waters. The southern Iberian margin was always bathed by 32 subtropical water masses -surface and/ or subsurface ones -, but there were periods when these 33 waters also penetrated northward to 40.6°N. Glacial hydrographic conditions were similar during 34 MIS 2 and 4, but much different during MIS 6. MIS 6 was a warmer glacial with the polar front 35 being located further to the north allowing the subtropical surface and subsurface waters to reach 36 at minimum as far north as 40.6°N and resulting in relative stable conditions on the southern 37 margin. In the vertical structure, the the offshore flow (Fig. 1a ). Ocean models indicate that the AzC flow into the Gulf is quite 145 significant [Penduff et al., 2001] and link the existence of the current itself to the entrainment of 146 surface to subsurface waters into the MOW [Jia, 2000; Oezgoekmen et al., 2001] . Between 147
October and March, when the Iberian Poleward Current (IPC; Fig. 1a ), also a branch of the AzC, 148 becomes a prominent feature off western Iberia, the thermal subtropical front (at ~17°C) is 149 shifted northward and reaches the SW-Iberian margin [Pingree et al., 1999] . Along with this shift 150
AzC waters tend to recirculate from the Gulf of Cadiz into the region off Sines (Fig. 1a) . Peliz et 151 al. [2005] observe a recurrent frontal system, the Western Iberia Winter Front, which follows the 152 thermal subtropical front in the south, but then meanders northward and separates the IPC from 153 the PC (Fig. 1a) . The IPC, extending down to 400 m, transports warm and salt-rich waters of 154 subtropical origin [Frouin et al., 1990; Haynes and Barton, 1990] and can be traced into the Bay 155 of Biscay. The IPC's subsurface or undercurrent part conveys ENACW of subtropical (st) origin 156 poleward year-round. ENACW st , which is formed by strong evaporation and winter cooling along 157 the Azores front [Fiúza, 1984; Rios et al., 1992] , is poorly ventilated, warmer and saltier than its 158 subpolar counterpart. ENACW is the source for the water upwelled from May to September and 159 in general ENACW st is upwelled south of 40°N and ENACW sp north of 45°N. In between either 160 water mass can be upwelled depending on the strength of the wind forcing. 161 162
Between 500 and 1500 m, the water column along the western Iberian margin is dominated by 163 the warm, salty MOW ( Fig. 2 ) that is formed in the Gulf of Cadiz by mixing of Mediterranean 164
Sea with Atlantic water, the above mentioned entrainment. Due to the mixing the MOW splits 165 into two cores centered at about 800 and 1200 m [Ambar and Howe, 1979] The above mentioned upwelling system dynamics that might drive regional variability off the 340
Sines coast can best be seen by comparing the records of cores MD95-2042 and MD95-2041 341 (Fig. 4) To verify if the temperature gradients described in chapter 5.1 and the associated frontal positions 364 also existed during previous glacials we are using the records of core MD95-2040, the site 365 located north of the front, and spliced records from the offshore sites off the Sines coast (Fig. 5) (Fig. 6a, b) South of the arctic front at site MD95-2041 (Fig. 7) , the planktic δ 18 O and for G. bulloides and N. 460 pachyderma (r) also the δ 13 C records show distinct millennial-scale oscillations that were related 461 to the Greenland stadial/ interstadial cycles 18 to 20. During all the interstadials warming is 462 observed in the surface to subsurface waters (Fig. 7a, b) . Conditions in the subsurface waters 463 appear to have been very stable and the δ 18 O values of all three deep dwelling species were close 464 together (Fig. 7b) . Thus subsurface water conditions on the southwestern Iberian margin were 465 more stable during MIS 4 than during MIS 2. Seasonality (Fig. 7d) (Fig. 8e) , much more so than during any of the younger glacial periods. Seasonality 490 variations (Fig. 8d) , on the other hand, were much higher than during MIS 2 and 4 (Fig. 6d) . 491 Seasonal contrasts were driven by the relatively more stable conditions in the winter mixed layer 492 (Fig. 7b) . Longer lasting seasonality extremes were associated with Heinrich event 11, similar to 493 the younger Heinrich stadials, and occurred during the intervals from 158.9 to 163 ka and 168.2 494 to 173.2 ka while shorter oscillations marked the beginning of MIS 6 (177 -188 ka; Fig. 8d ). In 495 particular the interval from 158.9 to 163 ka was associated with higher abundances of N. 496 pachyderma (s) (Fig. 8c) As described for the previous glacial periods conditions on the southwestern Iberian margin were 500 more stable (Fig. 9) . The G. truncatulinoides δ 18 O record shows hardly any change and the 501 respective δ 13 C values indicate a well-ventilated ENACW st (Fig. 9d) , in contrast to the 502 subtropical surface waters reflected in the G. ruber white δ 13 C values. Millennial-scale 503 oscillations were limited and restricted to the earlier part of MIS 6. However, the two older 504 cooling events within MIS 6e had no major impact on the water column structure and the nearly 505 flat G. truncatulinoides δ 18 O record indicates that conditions must have been similar to the ones 506 of the penultimate glacial maximum (Fig. 9b) (Fig. 11) is assessed from planktic and benthic δ 13 C records. 521 522
Hydrography 523
The records clearly shows that the Greenland-type millennial-scale variability impacted the 524 complete water column from the sea surface down to 2465 m, i.e. the water depth of site MD01-525 2444. The planktic foraminifer records all show warming (interstadial) and cooling (stadial) 526 cycles that were contemporary in the water depths from 0 to 400 m with similar amplitudes in the 527 G. bulloides (Fig. 10c) and G. truncatulinoides (Fig. 10d) records and a smaller amplitude in the 528 G. ruber white data (Fig. 10b) . The G. truncatulinoides data of core MD99-2336 from the 529 southern Portuguese margin (gray lines in Fig. 10d) In the upper 400 m of the water column, nutrient levels and thus ventilation of the respective 555 water mass (Fig. 11b-d Fig. 11e-h ). The 576 record of core MD99-2339 bathed by the lower MOW core (Fig. 2, 11e) 11d) and potentially also AAIW. In the upper NADW/ GNAIW level at 2465 m (Fig. 11e)  586 and deeper down the ventilation status was primarily driven by the well known up and down 587 movement of the NADW/ AABW interface with better ventilation (= NADW) during the 588 interstadials, when AMOC was strong, and poorer ventilation during the stadials (= AABW). 589
When NADW was present benthic δ 13 C values were similar from 2465 to 3146 m water depth 590 and during glacial times also not much different at 4602 m ( Fig. 11f-h ) indicating a homogeny in 591 the deeper water column during the interstadials that is also seen today [Alvarez et al., 2004] . 592
During the LGM and most Heinrich stadials the 2465 m data shows, however, excursions to 593 higher δ 13 C values that were in the range of those recorded in the lower MOW core at site MD99-594 2339 (Fig. 11e, f) . Thus the benthic δ 13 C data confirms what the DWT already implied: the 595 deeper flowing MOW was admixed into the GNAIW and led sometimes to a better ventilation of 596 the intermediate-depth water column along the western Iberian margin. Extremely low benthic 597 δ 13 C values, on the other hand, were recorded at 4602 m during MIS 2 and 4 (Fig. 11h) . This 598 record is from core MD03-2698 [Lebreiro et al., 2009 ] located in the Tagus abyssal plain and 599
shows that bottom waters in this deep basin were hardly renewed during the glacial maxima. 600
Even today the deep abyssal plains off Iberia can only be ventilated by flows through a few deep 601 gaps [Saunders, 1987] . However, additional modification of the benthic δ 13 C signal due to 602 remineralization of organic matter transported down the canyons by the frequent turbidites 603 [Lebreiro et al., 2009] could also have played a role. 604 605
Conclusions 606
The combination of various high-resolution records allowed studying how events of abrupt 607 climate change affected the water column along the western Iberian margin and which latitudinal 608 and vertical boundaries existed. The abundance of records from the Sines region on the 609 southwestern margin, furthermore, permitted to assess signal modification due to upwelling. 610 611
The surface water records from the Iberian margin clearly reveal that two fronts intercepted with 612 the margin during the Heinrich stadials of the last glacial cycle and during extreme cold events of 613 previous glacial periods. During the last glacial cycle, the polar front was located near 41°N 614 leading to the harshest climate conditions in the northern regions. The arctic front was located 615 about two degrees further to the south, near 39°N and might have coincided with the Azores 616
Front. The latitudinal positioning of these fronts led to steep temperature gradients along the 617 margin with SST su increasing by 1°C per degree of latitude, i.e. from 4°C at 42°N to 10°C at 618 36°N. The foraminifer data furthermore showed that Heinrich events became more frequent and 619 had stronger hydrographic impacts during the last glacial cycle. Similar events were recorded 620 only with Heinrich event 11 during Termination II and along with the Heinrich-type events 621 during early MIS 8 and Termination IV. MIS 6 was overall a warm glacial with subtropical 622 waters dominating the hydrography along the southern Iberian margin and penetrating at least as 623 far north as 40.6°N during much of the period. Hydrographic conditions north and south of the 624 39°N boundary were in general similar during MIS 2 and 4, but MIS 4 like MIS 6 seems to have 625 more strongly been affected by subtropical subsurface waters. MIS 6, however, differed from its 626 younger counterparts in regard to the increased seasonality and the extreme variations in the 627 nutrient level of the subtropical surface waters. 628 629
Because the western Iberian margin is an upwelling area, upwelling can always affect the climate 630 records. A clear indication for upwelling events modifying climate records and thus leading to 631 different paleo-data for the same events in close vicinity is given by the differences observed 632 between cores MD95-2041 and MD95-2042 on the Sines coast. Core MD95-2041, located closer 633 to the coast, experienced much more variability in its G. bulloides stable isotope records that can 634 only be explained by upwelling. Upwelling also seems to be driving some of the variations 635 observed in the planktic stable isotope records of core MD95-2040 during MIS 6. 636 637
A second "local" hydrographic phenomenon affecting the water column in the eastern North 638
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